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INTRODUCTION. 

There is no nced of oniphnsizing tlic importancc of a 
knowledge of meteorology on the pilrt of thosc mhoso 
business i t  is to sail. through tlic occnii of air. This 
ocean has its tides, ibs currents, its ware;. It is be- 
ginning to be charted, but only lust beginning.’ A sca- 
man navigates his wsscl in nli surtr of w::ither, \)ut 
skill in local w-catlicr forecnsting, ailil a prnc ticill knoml- 
edge of the laws of storms, nro invn1u:tl)lc in niitkillg 

ossiblo a speedier, safer, nnd mor0 SucCciSf id voyage. 
!&mjlarly, the navigator of the air, though war scrrico 
often involves flying under atniosplieric conclitions fnr 
from favorablc, inevitably finds, sooner or lntor, that tho 
more he knows about tho air which he is navigating, tho 
botter equippod ho is as a fightor, as n photogruplwr, or 
on reconnaissance work. At critical tinics, nictcoro- 
lo ical knowledge has time nnd agnin proved its prwticnl 
va s ue to those who navigate tllc sir. Meteorologists arc 
waitin to put all that they h o w  a t  the scrvico of tho 

advance metoorological .science by nicilns of tlic facts 
which their own practical espcricncc in tho air will 
impross upon thcir minds. He who kno\vs most about 

men w a o fly. And tho men who fly will, in tlicir turn, 

1 OERICRAL RFPPRTNCF9. 
Grmt Britain. Royal Flying Cory. ‘l’raining n-anual. 
Sbnu., Sir X ip ie r .  The wcalhcr map. b1rte;rrulugiral Omcc, London, 1917. 3d 

Issue. (I. 0. no. 2231.) 
In addrtlcn to these (ourre3 of informaticn and other refercnws given latcr, thc fol- 

lowin pub.1 aticns may prm c u :cful: 
LinEt,  Fruni. .wrrmautirhe M~tcorologir, I’t. I on11 11. FrsnPfurt a/M., liUl. 1:3 

and 126 p. So. (Dcals clildly with bn.louns and IS sonicwhal out o l  dalr, but still 
usrfui.) 

Humphrrys, It‘. J .  PhJrrlcs of the dttnosphcrc. Jour. Franklin In:tit., March, 1813. 
Sppcislly pp. 23.h241. 

Mcddir Alrz. G. Ifinrlplrs of 4erography. Chi. agn, lrli .  8’. (Tho most recent 
bonk *on tho suhjcrt; summnrizcs the iatr.t ad. amcs in mrteorcrlogy,’ ays spri in1 cni- 
ph8.1.3 on modern methods ul d! a ing H tth lhc Iirub.cnrs @I thc stnrcuphrrc and on thc 
pra tical appii. a l l ~ n  of Lhc a ai ab.c kno., icdfi?‘. 1 

Idem. A $  iatim and atrngraplry. A \  iai. mid a ronaut. cngin., Ang. 15,1316, I: 8-11; 
also In Sri. amcr. suppl., Junr 2, 1917, No. 2161. pp. -41- 42. 

Idem. Aerography: the science of the strui tiirc uf lhc atmosphere. Gcog. rev., New 
York, April, I y I 6  I :  265-2i.l. 

Rolch, A .  Lswrhce. Conycst of the alr. New York, 1SOJ. 8’. 

f Rofelr. A .  Latermcc. & Palmtr, Andrrw H .  (harts of thc atmosphere for acrw 
SOIlnding the occ8II of air. 1:W. 174 p. srn.V. 

IIaUtS and 8 V i a t O N  K @ \ V  TOrk. 1!)11. 
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practical motcnrology is the best q u i p  od for sewice 

being equal, to do his country tho grcittcst scrvice. 
Tho aviator who is sent to a foreign war zone may 

wiscly, if time allows, inform himself reanrding the 
climate of the region in which 110 is to fly. Pt is a prac- 
tical help to know about the prevailing winds, the num- 
ber of stormy days, tho distribution and nmount of 
precipitation, the occurrcnce of gnlcs, tlic general char- 
acter of tho wc:tther, and tho likc. Such data are easily 
oht~i~iitblc from tho usual climatic summaries.g A con- 
nnicn t  rsccnt summary of Frmch data is printed in tho 
MONTIILP WEATHER REVIEW, October, 191 7, pp. 487- 
496, nnil reprint.ed in tlic Novcinbcr or Docember, 1917, 
issucs of the monthly “Clim~tologic~l data” issued at 
section ccn tors. 

C‘Z.in~te is tlic avcragc, and is made up of tlic individual, 
clay-hy-(lay ntmosphcric conditions which wc call mathor. 
A climntic summary for nny given month, or season, 
shows the avcragc or n o m n l  conditions. It by no means 
ncccasnrily shows what any particular month or soason 
is to be. Thcrc is no wny, as yet, of knowing that in 
atlvnncc. Obriously, sonic. linowlcrlgc of tho woathor 
wliich ho is to csperioncc to-day nnd to-morrow, is of 
ininic:liatc nnd e.;scntinl importancc to the aviator. Ho 
is hclpcil by knowing sonictliing of tlic general climatic 
conditions of his field of opcmtions. But 110 wants, 
niuch niorc, to know \vhilt ~vcntllcr to espcct within the 
nest fcw hours. In other w-ords, ho wants to know 
“not d i n t  inir!y bo but what will bo.” €10 ncorls regular 
daily \vcntlicr forocnsts. And tlicsc rcquirc.an orgniiizod 
system of nictcorolo+xd ohservittiotis mndo by trained 
ob~ervors, collcctcJ f iv  tclagrqh. nntl diartorl. With 
such nn orgnilizccl mi)itnry mot.cnrologica1 iiclcl scrvico 
the nvintor is not liiinsdf clircctly concertictl. Tlic forc- 
casts arc! suppliatl to him. 110 can, howcvor, hclp him- 
self a great tlcitl if lie hits a mod “worl~iiig” kt iowlot l~  
of tinily wcntlicr maps 5 ;  it I;c lmows sonictliiug. of t ie  
rclutions niitl niorcniciits of wciitlicr typcs, and IS suffi- 
cicritlg fnl1iiliilr with wcnthcr prognostics to bo ih10 to 
ninkc his own rou~li-nnd-rently IOI’IX!~LS~H in cnsc lit? C R I ~  
not rcccivo tho oilicinl forcrnst, or wis1ic.i to in tcrpolnte 
his own prcrliction a t  a tiiiic whcn no rcguLr forocikst 
is issued. 

Detsils re.garding the field wmthor ncnire or tlic Allies are mnfi- 
clcntiol. h i t  information which hiis I m n  given IO tlic pii1,lic sliow that 
tho mctcorolo$d wgmiimtion is wiclrspriml aiitl c&c’tive. So far as 
Great 13ritain IR conreriictl. ivc know that. :I wpnnlc unit of the Royal 
Engineers Iim betm crc!stv.cl for ineti!orolir:ic.sl s i n i v c  in  the licltl. The 
service in  Franre has biteii iintlw thca rriiiimarid ut Ilrj. Kriwst C;oltl. 
and that in the castern Ilcl-litcrctnraii untlcr ( al,t.. 1:. 31. \Yiddid)iirn. 
\Vith Iiim is. or IWR. I.icut. I:. I<i(;mn of Kcw Zi~zlnnd, who has tlis- 
tinguishetl tiimwll aa loayncticiali i l l  thc wryice of the ‘nrniigic! 1 r i d -  
tiitinn of \\‘ashington. qloj. l f .  1;. 1,yoiis. R.  15.. Inrmerly dircctor 
pncral of the Icgyplian Surwy Drpartnient. tool; charge of the 3lcdi- 
tcwanean arca in .\lay. 1815. .4 prof~~sor of metcorolngy t o  the Royal 
Flying (‘oqis has beeii appoiiitccl. t h i !  appiiintec Iicing Lieiit. (now hlaj.) 
C;.  1 .  Taylor, RoytI PIyiiig (’orps, who wns previoiis!y Schuster l‘tcailcr 
in Jletcorihgy . rhe s wrial in~t:~orologic.aI srr\.iw oignnized !)y the 

relatione of mrtoornlogy 3rd cliniatology. hnioi:g t.hc subjects so Iar 
considered are the climatrs of tlic districts in the m r  zone niul dclails 
regarding adaiiches. with lists of places Epecislly subjcct to them. 

in the air. Hc is, theroforo, tho niost likc P y, other things 

Italian Army has puhlis h .  ed sei : cral h l l ~ t i i i s  t ld inp with the niilitary 

8 Thc ntan:lnrd hook on .rliniatc Is J .  CUB H m n :  II~iudborlt der Klimatologic. 3d 
ed.. St.ntlgnrt, l!:lH-l!~ll. J v. Yo. 

On t.hc wrstcfn front thc winds nrc previilinplv from tlic srstcrn qttnrtrr. Hcnco 
the Ocrnian tnacltltirs llsvc an :iilvaitttw in r:rsr otcneilir Irotrl~lo. An AlIlcd ~lrpliuW 
wlI1 hr likcly 1D 11a\*c “its rlitling prth so sliorIcncr1 t1i:il tho nvintor will ltioslly have 
to land in ‘KO Xy’s Land’ it  Iiu docs not eume down \\ ithin thr uncmy lines.” F. W. 

. .  Lnnrlim~rr. 111c idondon Tiinrs“ corr~sponAmt on l l ic  \vt?rilcrn front rcyorts that 
“ , tghl i~r~ nc~rlv al?rags drlits owr the enclnv’~ trrrilorv. and that rhr‘Gcrrualls ha- 
biltwllg cn,lcu\;ir lo \!rii-s o w  mcii Idrllirr 0vi.r thrir uail gru~tnd. whcrc cvcll B nmull 
mishap ma). prr.venl tlrcni. a&%ltist the ndvtirrc wltids, from regairilng tLck own lines.? 

[Thls is a pionccr publlctition-iwi 1l.i.subjrjrct. I t  prrscnts. in  n rlnrtirnl form. Some 
of the results obtsiucd.aL Bluc H,ill ?!bwxvalury, Xilss.. til!ritig ?I! gwrs 01 oh..ervuIion. 
The charts are “thc first of thcir kiitd a lu~i lc . l  to lhc I:SC or ~iriui~tl”. They rl*l;ttc 
chlefly to Ulue 14111, but y q 4 y  nlsu 111 I~rgcr poriiortn 01 l l ir  c nirod S + % .  T h e  l t i l ~ l  
chart shows the bcst uerul routes acr? L ~ O  XorLh Allsnlic ocerrn u1 sumu1cr.l 

4 Sir Snptw S h x . .  
6 Ouc section on Il’cafhrr Forccaafing p. 5W, bclow. 
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Milea. 
(0.0) ............................................... 
0.6 ................................................ 
1.7. ................................................ 
LO... ............................................. 
2.5.... ............................................ 
3.1.... ............................................ 
3.7. ............................................... 
4.3.. .............................................. 
6.0 ................................................ 

The United etatea S y l  C o p .  with the cooperation of the Weather 
Bureau through the ational esearch 1 ouncil, has also organized an 
extensice meteorological servicein France. Maj. (formerlv Superviain 
Forecamterl E. H. Rowie has charge of the forecasting. and hasassociate! 
with him Tdeut. R. H. Weightman. Maj. (formerly Prof.) Wm. R. 
Blair hsa charge of the field Observations, special1 the aerological 
obaervationa with ilot and sounding balloons for the {enelit of aviators 
and artillerists. h e  will have aesochted with him C'apts. A. H. 
'ihieesen and W. G. Reed. and a considerable number of other Weather 
Bureau employees who are now attached to this important military 
unit. A eomewhat similar aervice. in the interest of n a ~ d  meteorology. 
ie bein -nixed by Senior Lieut. W. F. Reed, jr., U. S. K., with 
whomlfiewise are associated anunlber of Weather Bureau men, forming 
a nucleue for the development of a more extended service of a meteoro- 

THE ATMOSPHERE. 
logical nature. 

Kms. 
(!) 
2 
3 
4 
5 
6 
i 
8 

General. 

With the com osition of the atmosphere in which hc 

interested in the nitrogen as a source of nitric acid and of 
nitrates, the chemical constituents of gunpowder and of 
fertilizers. The water vapor becomes critical whcn con- 
densed into clouds or rain. The osygeii plays an impor- 
tant part in engine performance, but its amount becomes 
of direct concern to the pilot only when, at  great altitudes, 
insufficient oxygenation of the blood may lead to teni- 

I t  is the physical con- 
sitions of the atmosphere, notabl temperature, pressure, 

Temperature8 in thc free air.O 

flies, the aviator r ias no particular concern. He niay be 

orary physiological disturbances. 

air movement, which are of imme J late interest in aviation. 

I n  the average, the ternpcrature of the free air frills with 
height. The mean rate of decrease is 1°F. in 300 feet of 
ascent (10°F. 15.56" C.] per km.). Therefore, if the tern- 
perature a t  sealevel happened to be 50"F., the freezing 
point (32°F.) might be espected at  about 1 niile ahove 
the surface.' At a height of about 5 miles, the freezing 

oint of mercury (- 40°F.) is reached.8 Temperatures 
{etwoen 0" and -4O"F., var ing with the season and 
with the weather t pe, may {e espected at  the present 

temperature getween summer and winter in the free air, 
but it is less than a t  the earth's surface. At about 6 
miles the mean winter temperature is in the yicinity of 
- 70°F. (- 56.67OC.1, and that of summer, - 60°F. 
(- 51.11"C.). This decrense in temperature continues 
up to the level of the higkest clouds (about 6 miles = 10 
kms.), beyond which, so far as observations have es- 

highest flyina leve Q s. There is a seasonal difference of 

~Inbrmatlon regarding the methods of ohtalnlng temperotures in the lrec air may be 
hind  in the newor text hooks on nieteorology. 

I Many hundreds 01 0' servatlo& in central Euro e, radc  with tsllons-:ordep and 
manned i alloons, have given the lollowing mean Tmperaturer at TariOiis altitudes 
in the free air, up to the present highest tiring levels: 

7 W - 3 Y - 1 h 0 :  3lXXIS=54WfCCt. 

Altitude. I Temperature. 

OF. 
(IS 9) 
41 u 
32 9 
2 4 8  
15 4 
4 3  - 7.0 -m 2 

-33.7. 

O a 
(9 39) 
5.00 
0.57 

- 4 o u  - 9 P 
-15 39 
-22.w 
-29.00 
-3d.22 

In convertin statute miles into 1 ilrmetrr?, ard 1 ilrn-ctcrs Into rtatr-tr rllr?, the 
following simp& rule., c aLich h e  reii.lt$ !I fl ritr 1:- arri i o t r  ir1 all rtc.irsr! iirpores 
and were sugLestcd 11 I rol. .f. B.  Wctdacith, 01 Lai\nid Lr.iier:it!, ail1 f e  lound .. 
u:efnl. -- 

A. To convert statute miles h t n  I ilrrrctcrs: 
To the numl er 01 mile? add 1 ,+, ard 3 01 t tat  nuu.1 er. 
B. Toconvert I ilomctrrs i~tidriati f r  A%: 
To 4 ol the niiml cr 01 1 ilonrtrrc add 6 01 it at nrml cr. Tf, fcr cvery 1,COO miles, 4 be 

suttraeted from the final result, Siiil grtatcr acc~iacy is EccLrcd. 

tended, there seems to be no further decrease of temper- 
ature with height. There may even he a slioht increase. 
This upper layer (stmtos h e )  is beyond &inm limits. 
The lower la er (troposp R w e )  is the one with whch we 
are concernei 

Near the earth's surface (i. e., withjn 2 miles or so), 
the rate of chtitige of temperature vertically is very 
irregular. It may be more, or less, rapid that 1" F. in 
300 feet; t.here niay be no change, or there may even be 
a rise of temperature with height. On calm, clear nights, 
in tho colder months especial1 , it ver often happens 

increasing elevation. There is then a warmer layer of 
air over a colder one. This condition is known as an 
"inversion of temperature." It is associated with cool 
or cold, more or less stagnant lower air; is often acrom- 
panied b a fog, and quickly disappears if a wind springs 

the earth's surface nnd the lower air. When flvin up 
through surh nn "inversion,JJ the aviator will fin d the 
tmipernturc rising at. first, and then fallin a t  something 

the machine will enter niovino currents. Inversions are 
not limited t.0 t.he earth's sur?ace. They are frequently 
found aloft, esperiiill above cloud hyers. The kind and 

tion of at,mospheric stahilit or instability. When the 
tcniperature decreases rapi 9 ly with increasing altitude, 
the air is unst.nble, and vertical currents will occur. 
When the trnipernture increases with ascent, the air is 
stable, niid there is little vertical movement as far up as 
thc invei.sion es  tends. In  flying through successive 
layers of air, many different temperature conditions may 
be met with, but on the average, as stated above, the 
temperature falls a t  a rate of 1' in 300 feet. 

Pressure. 

that the temperature clistinct 7 y rises 7 or a time with 

up, or \v K en the morning sun is strong enough to warm 

like the usual rate. Shove the stagnant P ower air, also, 

amountr of changc o ? temperature vertirnlly is nn indica- 

For several reasons, pressure is the most important 
meteorological element in aviation. (1) Observations of 
pressure ninke t,he deterininntion of altitude possible; 
(3) the resistance of the air and the performance of the 
engine to some estent depend on pressure: (3) pressure 
niid its changes cont.ro1 R i r  movements and, through 
thesc, the o t h r  weather elements, such as temperature, 
humidity, cloudiness, rainfall. The ocean of air and the 
ocean of water are dike in many WRYS. The deeper the 
diver descends below the surface of the water, the greater 
the pressure he has to endure. The deeper man is sub- 
mcrgecl in the atmosphere, i. c., the more air t.here is 
over him, the great,er the weight or pressure of that air. 
The decrense of pressure aloft, with decreasing depth of 
immersion in the ocean of air, may roduce certain 

causa discomfort or pt.rliaps even Air, like 
water, adjusts itself to differences of level; "seeks its 
own level." Moving air  (wind) is making such an ad- 
jus tnien t. At,nmspheric pressure over the higher la.ti- 
tudes of the earth's surface usually changes considerably 

pli.ysiologica1 effects which may, usua P lg temporarily, 

w The power 01 the cnpinc depends on thc amount 01 sir  and on the corwsponding 
amount 01 lucl ta' en into thr cylinders s t  each c' plorirn i.'e.. on the density 01 thealr. 
This is dc cndmt on the prcs~t~re and al-a an the temperatare. Uoderordlnarycon- 
ditions wfen the r e ~ s u r ~  is hipher, or the temperatore lower, theperlormanee of the 
enpinc is better. %'hen the pre-srrc Is lowcr, or the temperatiire heher the tendency 
is thc oppopitc. On a hot day the performance near the surface would be somewhat 
1iI.e that at a hisher altityde dn a normal daq.. When the sralewl pressureis low the 
enpine wor' s under conditlons simi:ar to thbre somewhat atovc the surface on a'day 
with normal prersare. There ip, howcvcr. compen ation for the deereasr in the power 
01 the engine at prrat a:titudes in the lessrnrd re=istarcc 01 the air wkcn the density is 
lewnecl. And there comes in also lhe e +ct 01 the cold at great altitudes in causing 
nonr ir nit irn . .- 

10 Information on this subject may be loimd In numerous wrltlngs on moiintaln cllmb 
InK and on aeronautics: also in medical w.or1-s. Pee hirther J .  H a w :  Handbook of 
climatology, v. 1,2d ed., translated by A. De C. IVard, h'ew YorL-, 1903. pp. 22440. 
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from day to day. In the construction of weather maps 
for the purposes of weather forecasting, the meteorologist 
must know the pressure conditions over a large area.. 
In flying, i t  is the pressure which gives tlie aviator his 
altitude. 

Tile mercurial barometer is t.he standard instrument 
for determining pressure in all accurate meteorological 
work. 
It is heavy, difficult to carry, very delicate. a.nd it,s r e a f  
ings require many correct.ions.” The height of it.s mer- 
cury column fin inches or niillimetexs) indicates the 

ressure of the air. The aneroid (“w-ithout fluid”) 
garometcr is portable, is not so easily broken, and does 
not require so many complicated correct.ions. Hcnce it 
is a much more convenient instrument, but is less accu- 
rate. An increase in pressure compresses the corru- 
gated top of an elastic metallic vacuuni bos, and a 
decrease in pressure allows t,he bos to recover ngain.la A 
spring helps the act.ion. and a simple system of arms and 
levers magnifies and changes the vert.ical movements of 
the box cover into a circular movement of a nredle 
around a dial. This dial is gradunt.ed int,o inches and 
tenths of inches, or into millimeters, by comparison with 
a standard mercurial barometer. Aneroids should fre- 
quently be compared with mercurial barometer3 in order 
to insure the great,est possible nccuracy. They are niore 
reliable in showing changes of pressure than ahsolute 
pressures. They need careful handling: should if pos- 
sible be k3pt from estreme and sudden temperature 
changes and from all violent knocks or ja1.s. As t,he 
mechmism lpgs behind the pressure-change bccnustr of 
unavoidttble defects of elasticity, it follows that. during n 
rapid ascent the reading; are hcely to be too high, and 
during a rspid descent they are l ih ly  to be too low. This 
would give too low an altitude in asc.encliiig and too high 
an altitude in descending. It is obvious that this lag 
should be absolutely the minimum obta.iiinble. 

Aneroids may be made self-recording, n.nd are then 
known as  barograph^.'^ The chan-es in pressure a.re 
recorded on a sheet of paper wounx ‘around a cylinder 
driven by clockwork inside. Barographs are made of 
various sizes even down to those which are sniall cnough 
to be carried in tlie pocket. 

It is in the determination of altitudes that barometers 
have their chief use in avhion.  If the difference in 

ressure between two places, one higher than the other, 
{e k:imm, the difference in bhe elevatinii of the. two 
stations ma he determined. The pressure at  the higher 
station will B e less because there i3 less wight  of air upon 
the barometer there. Between the two stations there is 
a column of air whose height corresponds to the differ- 
ence in pressure at  these stations. If the height of this 
column be known, the elevut,inn of the upper station 
above the lower is known. Unfortunately for easy memo- 
rizing, the heights of tlie air colunins corresponding to 
given pressure-differences vary, depending upon thc 
clensitv of the air, upon t lu  tsmnerature, pressure, 
humility, etc. Forniuls are available for use in deter- 
mining the cliff erences of height wlicre the various re- 
quired elements are known. l‘uhlished tables, however, 
make the solution of the problem much simpler, and are 
widely used.“ When ancrnirl barometers are provided 
with a scale to sliow altitudes ns well as pressur(\s, a cer- 
tain length of air column, at  R selected mean tenipernture 

It is. however, wholly unsuit,ed for use in flyin 

~ 

11 For Information sea C*arler F. Narria: Barometers and thc measiircmcnt of atmos- 

n Several vacuum boxes mav be used. 
I*Sec I’ Barometers and the iJeJsuFment 01 .\tmnspherlr Pmssiire:’ 
14 &e e. & Imithsmim Keteorologml Tables, or “Barometers and the Measurement 

pherir preswre. Ciwular F, Instrument Divlslon, 1’. S. Keather Rure:u. 

of At-, rlr Pressure.” 

and mean pressure, is taken as the standard. In other 
wordq, it is mmmed that for a pressure change of, say, 1 
inch, or 25 mm., the corresponding height of air column 
is so many feet, or meters. Clearly, whenever the prcs- 
sure or t,empcrature, or both, at  tlie time of any observa- 
t.im differ from t.he selected mean, there will be an error 
in t,he resulting altitude as indicated on the altitude scale. 
This error may amount to several er cent. The aviator, 
howwer, does not hnvc to know P lis altitude with abso- 
1ut.c exactness. In t,he newest aneroids the errors are 
being grn.rli.ially reduced. 

For ordir.nry use in aviation, tlie “altimeter” replaces 
tlie aileroid barometer. The “ altimeter” is an aneroid 
graduated to show height instead of pressure. It should 
be sersitii-e, ar-d have an open scale, easily read. A 
good “ altimeter,” if properly adjusted, is sufficiextly 
accurate for all ordhary flyiiig purposes. No determi- 
nation of altitude, it may be worth noting here, can be 
really accurate wrless there are two simdtanecvus read- 
irgs of pressure, ore a t  the lower station, whose altitude 
above sealevel is krown, and the other a t  the upper sta- 
tion, or in mi aeroplane. In addition, the temperature 
of the intemenir!.g air column should be kxown. This is 
usually taken to be the mean of the temperatures at the 
upper end lower stations, observed simultaneously. 
The altitude of an aeroplane as indicated by anemid, d e  
peiids on the differmce of pressure between the height at 
which the machine ha pm.s to be and the pressure at 

supposed altitude of the mncliiire may Lffer appreciably 
from its actual altitude provided these pressure chan es 
have been considerable. This error can not be rovi f ed 
for under ordinar conditions of war flying. 8 the in- 

tude a t  the starting point, the readhigs may be assumed 
to be substantially accurate.15 

In addition to the direct use of barometers in the de- 
termiiration of altitude, they are also important to the 
aviator hi showing the distribution of pressure over the 
earth’s surface. I t  is this which determines wind move- 
ment. When barometer readiqp arc reduced to sea- 
level, and plotted on a map, differarrces of pressure are 
see.p to exist.. Places that have the same (sealevel) 
pressure are loiiied by lines known as isobars (equal pres- 
sure). Isobars are essa2tially like the contour lines on 
a topographic ma . On the daily weather maps of the 
tki ted f,tates m i 8  Camda isobars are drawl for every 
0.10 inch.IB Any weather map I’ shows the existence of 
regions where the pressures are relatively low. These 
areas are surroup.ded by more or less circular or oral 
isobars; are marked LOW, and are depressions in the 
atmos heric topography. There are other areas of rela- 

shape, h .d  marked HIGH. These are elevations in the 
topography of the atmosphere. A weather map is to be 
rezarded essertially as a contour map. It shows eleva- 
tiom w.d depressioi~i; hills and hollows. If there were 
no disturl)i?-q causes, tlie ressure a t  sealevel would 

rest. 

which it left the rowi : . As the surface pressures may 
Tery likely vary f uriirg a flight, it is eas to see that the 

strunient be care P ully adjusted to the pressure and alti- 

tively Yl igh pressure; also more or less circular or oval in 

ererywhere be the same; t rl e atmosphere would be at 

10 In caw the “altimetcr” hecomes brokcn. m d  an ordlniry nncrrnid, graduated only 
Inr prc~s i irc~ .  iq a’ ail ihlr. it may be of help in an emercoiicv to h o w  that about loo0 
Ifct nl altitude roushly correspond to a h i t  1 inch of proiiiiredecrcaie. Thl. Is n cry 
crude and thrretorc inaccurate means orJud:ing heights. but it may ser.a lor lack ul 
somrthini: better. 

16 On thr Rnglish maps isobars are drawn lor intcrrals of 5 mbars. (mill:bm). One 
thousand millihara equal 1 l l r .  The bw is equal to the rcs~ure of 29 531 inches (750.1 
mms.) of mcrciiry at 32’ F. !O” C.) and at lbtituds QV. 8 iseqliivalent to a prensure of 
1 mrnsdyne pcr *quare ccntimeter, i .  e., tn l.OJ3.OJ.l dyne; per square cendmdcr. Hmee 
a millibar is rquiualtni Lo 1.000 dum8 1 CT sgllare rmlrrnrlrr. 

17 Sce latcr section on Ukdher Forecasffitg, p. 599. 
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A glnncc a t  an wcnthcr map will show that the dis- 

ference betwccn any two ailjacciit isobars is always thc 
same (0.10 inch or 5 mhai-s.), it  follows that where the 
isobars are closo together tlic prcssure is ohervccl to rise 
or f d  rapidly as oiic crosses them. and whcrc they are 
far apart tho rise or fall is slow.1s Tlic baromet,ric or p c s -  
sure gradient.  is steep or gentle; strong or wcnk. I n  
otht!r words, just ns cro\vdctl con tour lilies show steeper 
slopcs on a topographic map, so c:romtlc.tl isobars on a 
weather map show steeper slopcs of t.hc isobaric surfaces 
in the ntmosphei-c. And n s  water on the enrt,li’s si~rfacc 
flows down hill slopcs aiitl into liollo\~-s, so air, olwyinv a 
similar impulse, teiitts to flow amag from areas of hi&r 
pressurc arid toward arcns of lowcr pressurc. If lcft to 
itsclf, the wind would natiirnlly Mow tlircctly down the 
atmospheric slopcs dong thc shortcst path from one 
isobar across to the nest  lowcr isobar, and so on unt.il i t  
reached thc bottom of tho slopc (LOW). It ~ o u l t l  follow 
thn line of most rapid prcssi1i.c dcvrcnso, crossing the suc- 
cessire isobars n t  right nnldcs. The winds woultl thore- 
fore blow directly out anir awny from ccntcrs of highcr 

rcsure, antl directly into ccntcrs of lower pressure. 
!hey would bc radial. 

T i e  wind in rdation to pressures at the earth’s surfnce. 

The winds nre unable to follow thc line of the pressure 
gradient. Thc fact that thc cnrth rotates causes winds 
in the Northern Hcniispherc to bc dcflcrted to thc right 
of a direct ath, i. e., the tcntlency is for them to blow 
parallel w i k  the isobnrs rather thnn directly across 

Friction comes into play aiid rcsist,s the tcnd- 
ency of the wind to blow morc and more t.o tlic right. 
The differcnccs of pressure roducc thc slop0 (gradient) 

flccts thc wind (to the right in the Northern Hcmis- 
phere). Friction o poscs varying resist,anccs. Tlic re- 

tho slope, nor parallel with t,hc isobars, but somewhere 
bctween tho two. Around nn arm of low prcssurc in 
the Northern Homis hero the wind thcrcforo blows in 

counter-clockwisc, and is known as a cyc&m.ic winc sp- 
tcm. I n  tho case of a similarly sitiiated high-pressure 
arca tho winds blow out, and around to the right. This 
is an outward clockwise spiral-an un.ticyeZon.ic wind 
system.2o 

So well defined nrc them systems of wincls that one of 
the best-known lnws of mctcorology has becn based 
upon thcm. Stand wifh ilour baeL to the wind (in. t7ie 
Aorlliern. T€mli~ ) h e w )  a n d  the wessiire will be Zouw on 

Law, atid its formu1nt.ion dates from 1 ~ 5 7 .  It is a ncces- 
sary consequeiicc of the carth’s rotation. Naturnlly, 
irregularitics of pressure distribution , t.he varying cffcc ts 
of topogra hy. niid other causcs, often cause 1oc.ul wiiitls 

of prcssiirc could be ol)scrvctl nnd charted, most of tlic 
apparent iioxCopfions’J would probably be secn to IC in 
grcomcnt with thc rule. 

tanccs between t E c iso\,ars vary. As the pressure tlif- 

on which tho air moves. ?p he rotation of thc cnrth dc- 

sultant surface win s directions arc ncither tlircctly clown 

and around to the le P t. Thc systcm is an inward s iral, P 

your kft hand t i ian. on. ?low r ig  ? d .  This is Buys-Ballot’s 

to dcpart P rom tho gciicrnl rulc?. If the niinuter details 

~ ~~ ~ 

In I t  srcme hclter to rrsrrvr lhr rxrrersion ‘‘prcswrr rhnn-e” for Ihe change in pres- 
sim at nnr and thr samr paint wit iin :I \t;lled intrrval or-timc. e. 6.. “llic -,- * a  honirs 
prwnrirc rhanx.” 1:nitrd St.atw furec%..lr’r.: map the 21- and l?-hour prwurc chungcs 
and II*P lhcm con:tnnlIp in lorcca*tinn.-c. A,, jr. 

Id  A r w i ’ x  L w :  Tho ainount of deflection dcpcnds upon tho velocity of tho wind and 
upon the Iiilitude. 
10 Thsrc whirlr dcvrlop c:ntrifiigal rompononts which comc into plsg in  modifyins 

t::: wind dircrtlons and .:uIdlicI. In thu case of a LOW, tllc olkct ul thc gradimt is 
b;!nnccd avoinst Llic etTvcts due to thc earth‘s ro’nlion and thc centrifugal roniponent 
of rhc whirl. In o I I I G I I .  lhc ~rndicut and the mutrifugd cumpoucut UI tiic wuirl arc 
brlmccd against ILL! uarth’s rututiun. 

Regarding wind velocity, i t  is easily inferred from’ 
what has been sic1 above that where the isobars on a 
wcnthcr ninp aro closo together, thcre the winds will 
hnvo highcr volovities, and where the isohars nre far 
a art, there tho winds wiU be gentle. For surface winds, 

c1efinit.e rule can be given for n relation between wind 
relocity antl prcssure gradient. At modcrate altitudes, 
however, it. is possible, within certain lirnit,at.ions, to cal- 
culntc both tlie direction ant1 t.hc velocity of thc air cur- 
rcnt.s.21 Onc? thing is vcry clear. Veiy small pressure 
differences cnn protlucc high winds. 

Wind rclocity may be estimated, and t.hcn ex rcssed 

Beaufort Scalc clnting from t.ho cnrly part of the last 
century. The equimllcnts of t.hc numbers of the Beau- 
fort Scalc, in miles an hour and in prcssurc pcr square 
loot, have been tlotermiiied.a’ On American weather 
ninps, wind re1oc.it.y is givcn in miles nn hour in the 
printcd tnblc. On Knglisli ma s, t.he number of bnrbs 

the Benufort Scnlc. On the French maps the barbs 
intlic!atc the velocity accorcling to n scale of 4, but the 
tahulatctl ohsorvntioiis use n scnlc of 9. 

In the United Stntcs mcteoroloviats commonly measure 
wind vclocity by nienns of tho kohinson cup anemom- 
etcr.23 This instrument is unsnt.isfactory for aviation 
purposcs because i t  docs not indicato tlie gustiness of the 
wind, which is usually much more im ortant than mean 
velocity. A bcttcr instrument for tk purpose is the 
Dinos pressure-tubc aneinomc ter, niuch used in England. 
I n  this the varying wind pressure nnd suction r a w  or 
lower a float whose chan es of level are recorded on a 

Even the steadiest wind is gusty. Ozservations with 
self-recording ancmonictcrs of the Dines and other pat- 
terns, show that gustiness varies greatly with different 
wiiicl directions and in diflcrent places.25 The Dines 
nnoinonietcr niny also be adapted to show wind direction 
by providing it with a wind vane. 

I n  war flying avintors hnvo no occasion to make their 
own instrumental observations of any weather element. 
Such data are supplied by the military fiold weather serv- 
ices. It is, howovcr, desirable that each aviator should 
hare some knowlcd e of the ossential meteorological in- 

T\’ ‘E, icli are greatly affectcd by friction, no satisfactory 

accortling to an nee-eptctl scale, such as the wall- R nown 

on the wind arrows indicate t 1 c velocity according to 

chart wrapped around a fi ruin driven b clockw0rk.2~ 

strunients, so that i P; neccssary ho niay read them himself. 

AIR CURRENTS ABOVE THE SURFACE IN RELATION TO 
AVIATION. 

Them are no “holes” in tho air. The t .em is misload- 
ing and innccurnt.o. I t  conreys tho idea of a vacuum or 
of a partial vacuum; of a local clcficiency of air which 
does not esiut. Tlic idea of “1io1~3,~’ of ‘(gocketslJJ and 
of “dead spacc3’’ coincs from the fact t a t  them are 
often sudden changes in tlic d a t i o n  of the aeroplane to 
tho air current 1 ) ~  which it happcna, a t  the moment, to bo 
supportcrl. Such a failurc i n  ntljustincnt may be caused 
by a suddcn chniigo in tile direction or in tho volocity of 
the gonernl currciits in which tho niachine is flying, by 
cncouiitcring asconcling or dcxending air movements, by 
flying across ntniosphric wavcs, und in other ways. 
Horimntal gusts and lulls produce a tcmporary change 
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in the pressure of tho air against the machino-i. o., in tho 
volocity of the aero lane throu.gh the air, causing a mo- 

on whether the aero lane is moving with or against tho 

wind. If the machine happens to full rapidly, there is 
apparently a “hole.” Again, when the angle n t  which 
the wind strikes tho machine change3, thoro is also a 
change in the lifting power. If the angle becomos morc 
u ward, tho machine will riso; if mor0 downward, it will 
fsl. Sh ould a machine suddenly come into n current of 
air having exactly tho samo direction and velocity as 
itself, i t  would be in a “dead space.” Undor conditions 
of active vertical air movements nn aviator niay pass 
rapidly from an ascending to a dejcending current. His 
machine will then dexond. A clcacending movement 
does not, however, continue until it strikes the ground 
vertically. It must obviously bocomo more and mor0 
horizontal as it nears tho surface. Again, a pilot may 
find his maclino just on tho divirlin line bctwecn an 
sscendin and n doxoncling currcnt. !? n such a situation 

binations of such conditions as those hore suggosted ux- 
plain “holes” and “ pockets” nnd “ bumps.” 

mentary change in t K e lift. The resulting effocts clepcnd 

wind and on its re Y ativo velocity with roapect to this 

thero wi fi inevitably be tips and bumps. Various coni- 

A. Cfeneral air movements essentially horizontal. 

Lccyers.-The atmosphere, in spite of its being well 
mixed vertically, has niore or lcss of a layer structure 
(stratification). Records of self-recording inst,ruments 
sent up with ballons-sondes, mid the courses of these 
ballons-sondcs and of pilot balloons 27 have shown that 
these layers often differ considerably from one anot,her in 
direction of movement,; in velocity of movenient : in teni- 
perature; in humidity; in cloudiness. Estended cloud 
sheeta. for exnmple, are often found in dam layers which 

below the sky may be cloudless. The rates of changc of 
temperature vertically often vary a good den1 in differcnt 
air strata. It is when these rates are avcragctl t.liat the 
rate of decrease of temperature of 1°F. in 300 feet, re- 
ferred to in an earlier paragraph, is obtained. In flying, 
aviators thus often pass from ono layer to another whoso 
direction, or velocity, or both, niay be different.. A 
change in the adjustment of tho machine becomes neces- 
sary. The machine may rise; it may fall slowly or ropidly 
aa conditions may determine. Endless combinations are 
conceivable. No set rules can be given. Nor can tho 
weather forecaster, from the daily weather map! tell 
definitely what the conditions of atmospheric strot ific.n- 
tion will be. Cloud observations help. Pilot balloons, 
when such are available, furnish the best means of deter- 
mining the direction and the velocity of the higher air 
currents. Adjacent strata differing so greatly and so 
suddenly in direction and velocity from one unotlicr na 
to be dangerous, are rare. There is usually a gradual 
traiirition. Hence, if n strong current of air from one 
direction is above or below a strona current froni an 
opposite direction, thcre is likely to &e a la.ycr of com- 
paratively quiet air bctween. If difficulty is being 
experiznccd in any given layer, it should be remem1)ered 

pp. Z.jji-%. 

have been cooled to their dewpoint, whi P e above and 

a~ Hamphrepu, William J .  Holes In the Alr. Rept. Emlthson. Insllt. for 1113, 

A co isideriVlo.1 of var1a.s tyr-es of alr movements which the ayhtor I* llkrlv to mpct. 
Tds clasjl ica lo i Is y h p s  somotKhat too dstai.od r i d  the terms I I ~ ,  s’ ch as “a:rIal 
mtars t  ” ‘ I  irra~kers *‘cs?ade$ are Lcelr to c m s o  un’lWCrsary alarm I I a no5 ice. 
The rrtfcle lsasti~g&tl o IO Ior the IISBO: th? te.icher. Th- prcse:lt wker  ha droxn 
on Prof. €I-.im hri;s’ dir- s l o  I i I tha ltar&:r<;:Dh3 \\‘hi-h immedl.~telv lollo\r..] 

If IWot Mlwnr  are gas-filled sphericnl rubtier nr pat er batl~ons cl small di .meter 
and .:‘ithoiil instrumeohl equiplmnt. ‘ I1 eyare releasrd I, rlhe iiurpr:seuldrlerinttililg 
drrertlon and veto r L v  of the up er I tirre.its, 2nd h.i\o Inen folloaod to gr0.d disrau~es 
and altitudes by m c h  of sp0.d theodoliks.-c. A. Jr. .. 

thnt tlic stratification is essciit idly lifwizontttl, and a 
chnnge of altitude will vcry likclg bring better flyiiig 
conilit.ions. Thc maximum diversity bctween adjacciit 
air strntn occurs in coniicction with stormy wcather, or 
wlirn tlic wenthcr is cliangiiig from fair to stormy. 

IVuvcs.--Friction butwecn ntmosphsric strata moving 
over and diffxing from one another in dtmsity, direction, 
velocity, etc., oltcn produces W H V ~ S  slong the contact sur- 
face. TLi3se are cssriitinlly similar to the wnvcs pro- 
ducrc l  on wuter by wiiid. Balloons, t,raveling in  such a 
wive layer, rise nncl fall with the waves. Von Hdmh ,ltz 
(1SSD 1 sliowed t.hnt atinosphcric waves may hnve a 
1cmgt)h of hundreds of nic.t.ris. When the moisture con- 
dit.ii )lis are favorable, cloucls form along t.he crests of these 
waves, while thc troughr are uiicloutlcd or have thinncr 
clouds in t h m .  Unrlcr these circumstnnces, long parallel 
lines or rows of cloud are seen strrtcliincr across the sky. 
Sometimes these waves arc only faintf dcvclopcd, or 
appear in different parts of the sky. TL lines of cloud 
may be cont.inuoiis, or niay be formed of sepsratc small 
clouds, arrnngd in rows. The lnt,t,er indicn.tc a crossing 
of the layeis, nnrl the condition is similar to that of a 
( L  choppy sen,” when long rollcrs art? brokm up into 
short,c?r a . d  less rcgidar WRVCS by a clinrigo in the wind 
direction. Oftrn x shect of cloud is thrown into waves, 
the sky bcing wlidly overcast, but the separate wnvcs 
bcing dist.inguis1inlle. Waves niay occur at  many alti- 
tudes. That atmospheric ~ x v e 3  nrc often proscnt when 
there are 110 clouds to indicnte them is cvident from 
the experience of a.cronauts niid of miatom, and 
from tho records of delirntc self-registering baronictcrs, 
which at  times show tlic passnge, over the instru- 
ments, of regularly recurring oscillations of pressure. 
Flying along a wuve level is apt to be “bumpy”. If tho 
machilie is progressing against the waves, the irrcgu- 
larity of motion is greatest on account of the rapid 
chniiges in verticil1 motion. On the othcr hand, if the 
machine is flying with the wave motion, a smaller num- 
ber of tiscents and descents is cspericnced in the samo 
interval of time. As the wave layer is an essentially 
horizontal stratum, relief can be secured b.y driving the 
machine up or down into a lcss disturbed region. 

B, Local convectional ciments, esssntiazly verticaZ due to 
thermal controls. 

Ascending currents are common on fine warm d a p ,  
especially in summer. They are caused by the heating 
of the earth’s surface under sunsliinc. The warmed air, 
being light, rises, as a cork rises through water. These 
rising currents are most common over mountains and 
hills, up whose slopes thero nre usunlly active ascending 
air movements during the warmer liours of fine summer 
days, and ovor open unforested areas. A freshly 
plowed field, of dark soil, is likcly to  be better warmed, 
and hence to be the seat of great,er activity of ascending 
currents, than n field corercd with crops or grass. mien  
tho warmed air rises high enough, and reaches its dcw- 
point tempernture, the familiar fine-weather clouds of 
summer are formed, with their flat lmses and bulging, 
convex tops (cumulus). These clouds are in many re- 
,spects the most interestin from an nviaitor’s point of 
cicw. They are I ‘  the visib 7 e tops of inviuihh ascellding 
columns of air.” As scen from ahove, “Cumulus clouds 

ire thc ap enrancc of n rcry wild a id  rocky country; 
fwge cumu P i resemhle snow rnouiitains.”‘~ ~ t i c y  are 
naturnlly associated with more or less turbiilcnt 

SLieut. Dougkt Tsylor, :hyal Flyltig Corps. 
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(“bumpy”) conditions, of descending as well as of 
currents. These conditions may estend to 

the surface. The base of c.umulus clouds has a mean 
heioht above the surface of 4,600 feet (1,400 meters); 
wh3e the tops average 5,000 feet (1,800 meters). Avia- 
ators report that “bumpy” conditions often occur on 
fine summer days even when there are no cumulus clouds. 
The explanation is that warm ascendin currents are 

but the 
rising air has not reached its dewpoint and hence remains 
clear. Probably, however, the most active ascending 
currents do not occur without cloud formation. It is 
easy to understand why fine, warm summer days, which 
would seem, a t  first thought, to give eculiarly steady fly- 
in conditions, are so “bumpy”. Otservations b means 

of the warm currents is often 10 to 12 feet per second. 
In thunderstorms this ascent is much more rapid. 

All the air on a warm day can not be ascending. 
Descending currents are also ihevitable. They may be 
met with in the clear space around the clouds; over the 
less easily warmed surfaces such as water, swamps, 
dam fields, and forests; and to some esteiit also inter- 
ming s ed with the rising movements. There is thus the 
difficulty of finding the machine tip ing because it is 

or because it is between a rising or a descending current 
and the more or less uiescent air surrounding. Or, 

a down current, and vice versa. Quick a4ustments are 
of ten necessary. Under normal fine-weather conditions, 
however, such irregularities of air movcments are not 
likely to be serious. It is well to remember that tlie 
turbulence of the lower air on a warm summer day is 
greatest during the wanner hours, and that the carly 
morning and late afternoon hours are usually less cloudy 
and less “bumpy”. During the warmer hours the surface 
wind also has a hi her velocity, and is apt to be irre ular 

be re atively calm. This is a ractical point in connec- 
tion with landino. The facta a ove noted about the sur- 
faces over whi& there aro apt to be the most active 
ascending, and those where there are likely to be descend- 
ing movements, are also of ractical value in fl ing. On 

mountain slopes and in deep valleys, replacing the up- 
slo e currents of daytime. 

& m a s t  d a p  do not show the phenomena of local 
convectional an movements which have here been con- 
sidered. 

several ascendin% t ousand feet (10,000 feet more or less) above 

present, just as they are under cumulus couds, 9 

of 5l ’tes and balloons have shown that the rate o T ascent 

partly in an ascending and partly in a a escending current ; 

the aviator may run su a denly from an u current into 

sty, while t % e earlier and later hours are like 7 y to 

! and 7 

clear, quiet nighta, descen 8 ing currents are li I ely down 

C. Efects of top0 .phy on air movements, combining both 
horizontal a r vertical elements due to mechanical 
controls. 

Wind near the ground is naturally variable and gusty. 
It is often forced to ascend or descend b the irregulari- 
ties of the surface. Even where this su d ace is level, the 
lower air is retarded by friction and there is more or less 
descent of the faster-moving stratum just above. This 
results in a vertical interchange of air, of an irregular 
character. The extent t.0 which such movrments develop 
depends upon the amount of friction below arid upon the 
relative velocity of the air currents. The surface wind is 
enerally less gusty a t  night, hence this is as a nile the 

lest time for flying. Sudden changes in the relation 
between the wind and the air currents just above the 

surface may be locally produced by alternating land and 
water surfaces, resulting in differing amounts of friction. 

eddies, or waves in the moving air. Forests, i uildings, 
Irregularities on the earth’s surface cause man 

all elevations or depressions, disturb the uniform flow of 
over an obstacle, such as a the lower air. 

mountain range, or a hi1 , the air currents are likely to 
be congested, and their velocity increased. Winds are 
t,herefore usually stronger over mountain and hilltops, 
partly for this retison, and partly because of the faster 
movement of the upper currents. Again, when air rises 
over an obstruction such as an isolated hill, for exam le, 
it niny be forced into a series of waves to leeward, a n 1  at 
the level of the hillto . Such standing waves have been 

t.inies visible because clouds form a t  the crests of the 
waves. There niny be two or three successive waves, 
each one fart.her from t.he mountain top, and each one 
sninller than t,he Inst. These wavelike movements may 
cause tcm orary and local “bumps.” 

Prof. 4. J .  Huniphreys, amon others, has called 

to form on the leewtrd d o  es of hills or mountains. The 
air comes down on the Ze side in “cascadelike fa.119,” 
w1iic.h are more rapid the stronger t.he wind. Eddies 
are likely to develop close to t.he surface, the lower mem- 
ber of t.hc eddy blowing up tlie slope, i. e., directly 
opposite to the general wind movement., which is down- 
ward. There are rcrtica.1 down-currents on the down-slope, 
and vertical up-currents on the u -slope side of these 

eddies and other irregularities of flow of the lower air. 
Eddies of this kind, combining b0t.h horizontal and ver- 
tica.1 motions, are common close to the lee side of many 
obstructions; somctinies a.lso, t.0 a less degree, on the 
windward side. Aviators have ninny times reported 
active vertical currents in the lee of forests. I n  landing 
during strong winds, t,he close vicinit and especially 

obstructions of any kind, are likely to have disturbed 
wincl movements. Decreased wind velocities will usually 
be found in sheltered localities, such as valleys transverse 
to the wind; as well as in forest clearings, where the 
wind is, however, likely to be very changeable, and to 
leeward of extended forests and of hills. In general, of 
coume, by flying atr greater heights, steadier winds will 
be found. The effect of surface irregularities u on the 

greater the wind velocity. 

In risinY 

noted in t,he case o r several mounta~ns ,~~ being some- 

atkention most recently to the ed 5 ies which are likely 

eddies. The safe course is obvious Y y to keep above the 

the lee side of mountains, cliffs, hills, P orests, in fact of 

winds aloft is more marked, and estends fart l! er, the 

uses: (1) They show the direction of the hig i er air cur- 

CLOUDS. 

Clouds are among the avia.t,or’s most serious meteoro- 
logical handicaps, but they have two ver practical 

rents, and (2) they are useful as weather prognostics. 
Accurate determination of cloud movements requires the 
use of a nephoscope and of a t l i e~dol i te ,~~ but somewhat 
rough but fairly satisfactory observations may be made 
noninstrumentally. A cloud patch, or some easily 
identifiable point in a cloud sheet, near the zenith, 
should be brou lit in line with the corner of the roof of 
a building, wit a the end of a branch of a tree, or with 

29 C m n  l’oimtain. on the island o l  Astension. lor example, as reported by the Lato 
Prof Clr\elard ! btc. 

80 Abbr, Clrirland: Treatise on Meteorolo@al Arrarati-s ard Methods. Ann. Wt., 
Chief kignal Offcer for I Ib7 A I erdix 46. M whirplor, D. C 1FIR. 

C/ayfon H .  H Discussidn 01 the clm d ohsmations made at Rlre IT111 Observntory 
Mass., 11.’ S. A:’ Ann., Astron. o h y .  IKarv. Toll., v. 30, Lt.  IV, lSW. Cambridge: 
Mass., l a S s , 1 O .  pp. 273-278. 
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some other fixed object.. As the cloud moves, the com- 
ass direction of its movement can rou$ly be determined. 

$0 have even such crude observations ns these of value, 
some knowledge of cloud hei hts is neces~ary.~‘ so that 

directions, indicated by the observed cloud movements, 
will be encountered. Sometimes cloud directions for 
two or three different levels may be determined at the 
same time. The lower clouds, being nearer, seem to 
move faster, while the upper clouds, dtliough actual1 
traveling a t  greater velocities, apparently move muc 
more slowly. It is impossible, therefore, without instru- 
mental observation, to Gain anything more than an 
indefinite, and some times indeed even a misleading, idea 
of the velocit of the upper currents. Cloud perspective 
also is a puzzgn matter, but practice in watching cloucl 
movements wil f soon enable anyono to make fairly 
accurate observations.3a 

A careful study of clouds as weather prognostics 
involves a long peiiod of discriminating individual local 
observation and record. A few verF general suggestions 
are here made. Further information may easily be 
secured b those who desire it.3s Detached, scattered, 

are as a whole characteristic of fine 
weather. When, however, they become more numerous, 
spreading over the sky ; when they arrange themselves 
in Ion parallel rows, giving the appearance of waves, 
and w a en they are followed by sheets of cloud, wet nnd 
perhaps stormy weather is indicated. Cloud s1ieet.s 
gradually spreading from the western horizon across the 
sky toward the east; becoming lower and darker; with 
rings (haloes, corons) around sun or moon; or with a 
“wet” moon and a “watery” sun, are storm prognos- 
tics.“ Wa?ve sheet clouds are still better rain prognostics. 
Even the general path of a storm with reference to t,he 
observer can often be foretold by cloud observation. 
For esamplo, if thickening “mare’s tnil” cirri are seen 

ing from the west or southwest they niny serve 
as in ications of a storm approacliino from that quarter, 
which, as it moves eastward, is Ekely t>o a.ffect the 
weather a t  the observer’s station. On the other hand, 
when such clouds are secn diverging from the north, 
the storm is probably assing by to the owtward too 

Fo and low cloud sheets are verv unfavornhle for the 

ether impossihle, as in the case of a fom, or they oblige 
aim to fly 50 low, beneat.h the cloud, tfint he is within 
close range of the anti-aircraft. guns: as in the case of 
stratus and nimbus Isolated, detached clouds, 
on the other hand, may interfere with reconnaissance 
work, but do not stop i t  altogether. The clouds here 
sdected for brief discussion from a practical point of 
. ~ e w ,  axe those which axe most crit.icrtl for tho aviator. 
The are fog (not classed as a cloud by meteorologists), 

Fog.-Typical land fool which is the kind of fog that 
most frequently affects Rying, occurs when there is little 
or no wind; under clear skies: chiefly on autumn and 
winter nights, alt,hough it is frequent throughout the 

i t  may be clear a t  what a Y titudes the various wind 

E 

isolated couds s 

far away to control the r ocal weather. 

aeria f observer. Thev cither make observation alto- 

the v ower sheet clouds, and the thunderstorm cloud. 

Sre Atlas Internatlonal des Niiages. a1811 Illustrative Cloiid Form- lor the Otilda~~nre 
of Obscrvers in the C‘lassiication of ClAuds, by U.  8. Hydromphic Office: also w e n t  
textbooks. 

A sim?le dPmsdm will he found 1.1 Ralph Abrrrromby: Weath-r lW, pp. R7-32. 
Sea H. €I. Clapfa- loc. cit.: also II:  J .  FIuvnphreys, Sam- weather p;overos and their 

Justf‘ration, Pnr. sCi.’mo., New York, Mav, IR11, w. 4 W 4 . l .  
*a At BLUE tIIll, M a s . ,  oirro-stratcs usuallyprecedes raln by aboct 13 hours: aItw 

Stmtns. bv ah011 t R hoi rs. - . -. . -, -. - - - - - - _ _  . - -. 
t6 The corn lete clsrsl%stion of clouds, with illustrations and de:rriptire text, wlll 

be found ln &E “Atlas internatlonal des nuages” and in ~‘Illustrstire cloud lwms for 
the guidance of observers in the classifcation of clouds,” U. 8. Hjdrographic Office. 

year. In  summer it usually “burns off” soon after sun- 
rise; in the colder months it may last all dav. This is R 
point worth remembering by aviat,ors. The thickness 
of a fog sheet varies grcatly according to conditions of 
weather and of to ogrephy. I t  may be only a few feet; 

Typical land fogs form fir& and are thickest in the vdeys 
and on lowlands. Hence t,hey are often called valley 
and lowland fop.  When flying above a thick, wide- 
spread, densc. fog sheet, it  is imnossible to see the surface. 
Hence it is essent,itd that the distance above t.he ground 
should be known within very close limits. These fogs 
arc favored hy hioh pressures, because then the skv is a t 
to bo clear and tEe wind light. Apart from the fog, t l e  
flying conditions are very favorable. The lower air is 
then very ~t.able.~” Fogs are formed in other ways, also, 
as in the case of damp winds blowing in from the sea 
(marine fog conditions), or when the mixture of different 
air currents leads to condensat,ion. Such fogs may last 
for days. Coast fogs are enerally more frequent in 

of fall and winter. 
Lowr sheet elouds.-At an dtitudc averaging less than 

3,500 feet above the surface, but often reachm nearer, 

much the same as t.hose of ordinary fog. In  fact st-ratus 

in u horizontal stratum.” I t  is, however, usudly Lifted muc foE cloud is essentially, as its clrfinit.ions puts it., 

t.hicker than an ordinary fog: does not. rest on the 
ground, and lasts longer. I t  may be a typical fog which 
has Seen actually lifted froni the ground, or i t  may have 
formed by misturc or by condenstltion between cool and 
~ m r m  air currents. There are, in fact, all gradations 
between fog and stratus cloud. It is common in winter, 
ut night,, and in higher latitudes. Although often mis- 
taken for a rain cloud, st.ratus does not give preci itation, 
hut it may precede rain or snow. Its vortical t K ickness 
varies grcatly, and may reach a few hundreds of feet. 
I t  does not. “burn OR’’ as by ical land fog u s u d y  does, 

stratus presents the appearnnce of a “sea of c10uds.’~ 
Its top may be very even, or may be in waves or billows. 
Reconnaissance work is precticdlp impossible, but 
stratus is not a storm cloud and flying above it presents 
no speciril meteorological dif€iciilt.ies. Orient,ation is, of 
course, difficult or impossible. l f  the cloud sheet is not 
too thick, the upper surface of it, under certain favorable 
conditions, indicla.t.es the topography beneath, rivers and 
valleys appearing as dcpressions and mountains as de- 
vations. This is a rnct.ica1 point worth remernbe+ng. 
Many aviators have 6 een.oble to get their hearings in just 
this way. The temperature olten increases for a time 
u-ith tiscent above the earth’s surface when strat.us clouds 
arc present. 

The ordinary rain cloud (nirnhus) is another low sheet 
cloud which is likely to prevent aerial reconnaissance. 
This is the familiar low, dark blue, structureless cloud 
from which rain or snow usually falls, and below which 
broken irregular fragments of “scud” often drift. The 
base of the rain-cloud varies a good deal in height above 
the earth’s surface. It averages under 6,500 feet (Inter- 
national Cloud Classification), and m.ay he much lower. 
The Blue Hill results give its most frequent altitude as 
2,000 feet. Of its vertical thickness little is definitely 
known. That it does not ext.end to great heights is clear 
from the fact that when openings occur in it, or when an 

it. may be several Y ~undrecl feet in a mountainous country. 

summer, while typical land f ogs are more characteristic 

there is a high fog (stratus) whose relations to ff jing are 

and may persist for severa f days. Seen from above, 

See an important aper by Maj. 0. 1. Toylor R P C . The formation of fog and 
mist. Quart. journ., Eoy met. soc., July 1917, 4d: Sil-hS:’ 
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aeroplane flies up through it,  higher clouds at  elevations 
of 2 to 3 and up .to 5 or 6 miles are often to he seen.=' 
Aeronauts and aviators have frequently passed through 
and above the nimhus at an akitude between 6,000 aiid 
7 000 feet. The duration of the rain cloud depends on 
d e  size, development, and rate of progression of the 
general storm (low pressure) conditions with which i t  is 
associated. It may liist a few hours. It may, especially 
in winter, cover the sky for 2 or 3 days. A rising barom- 
eter and a change in wind are the usual indications of 
clearing, from the rnin cloud to the brolie1i clouds which 
follow a storm. Fog, elevated fog (S[RI.~PIS),  mid the ordi- 
n a y  rain cloud are thus all of them serious handic:q)s in 
aerial reconnaissance, because they are on or near the sur- 
face, and conceal that surface very effectively from above. 

There is another sheet cloud, at a considerably greater 
height, which may be described. This is the more or 
less uniform sheet of bluish cloud, distinctly higher than 
the rain cloud J8 through which the sun or moon niay be 
seen faintly, as through ground glass (a7to-stmtu.s) 
This cloud usually precedes a eneral rain by a few 
h0ur5.4~ It is not itself a rain c 7 oud, but is associated 
with coming wet weather. 

Tiunderstom cloud.-There are only two cloud types 
which ordinarily biin prec.ipitation. These are the 

&,mulo-nimbus). The former gives the persistent rains 
or snows of a general storm. The latt,er gives the shorter, 
usually heavier, and often squally rains (including hail) 
or snows. Of this type the summer thunderstorm is tlie 
obvious example:41 

In view of its importance to the aviator, the thunder- 
storm cloud requires further mention. In  a previous 
section (see p. 595) reference was made to the ordinary 
summer daytime cloud (czmwdus) produced b local 
'ascending warm currents. Aviators know we1 T that 
under these conditions there is always more or less 
turbulence, which causes " bumps" in flying. These 
irregularities of ascending, descending and gently whirling 
air currents usually offer no serious difficulties. Often, 
however, the cuniulus develops into a thunderstorm 
cloud (cumdo-nimbus), and then all these atmospheric 
movements are eat1 accenhated. The cloud mass 

ing and dFcending currents increases; t c heavy down- 
pour of ram, erha s mixed with hnil, and the danger 

tical currents in thunderstorms may sometimes attain a 
velocit comparable with that of strong surface winds 
(Sir N? Shawl. In  addition to receiving all possible 
assistance from the official weathe1 forecast, t.he aviator 
should know how to predict the occurrence of local 
thunderstorms. He should, also, know enough about 
the characteristics of thunderstorms to be able to niaiiaae 
his machine to the best advantage in case lie has to By 
in one of them. 

The t picnl thundcirst*.rm cloud is nn overgrown nncl 

eneral rain cloud (wim % us) aiid the thunderstorm cloud 

ii becomes extreme $ I g  y tur ulent; the velocit of the nscencl- 

arising from t t : f  e ligitning, add to the difficulties. Ver- 

-- - __ greatly c P ereloped cumulus chwd. 1t.s base is a.I)out three- 
87 E. g altogtratns drro-cnmulus clrro.stratus altc+cumulus 
8s The*hghest clmd'sheet Is thc thin dolieate. n h - y  so:neiimhs net-ll'.-eclrro-dmlus: 

formed of ice Crystals; olten producing'ha!ocs, and unhl the first sheet cloud seen in 
front planapproaching storm. As the hrieht of this c l o d  is betwccn 53 and R miles it 
Ls beyond flying levels. At a'jout I mllc a'.ove the surface a prey cloud, of Ion< rohs, 
usua 1 coverm the s'. y. often gives the apprarancc ora shect hut IS, in realit\- a hro'-on 
cl ud Ta-er wit% lighter 0r.o en spaces ' etwecn tho sepa!'aLe rolls. This cli:id (.s!ralo- 
cumulwj is common in rtuie!wlnter weather and may porsiat for days. It ma' es the 
day dull and gloomy, and sugmstssnow or rain. but I t  is not a rain cloud. rrom a::ovo 
it ha.. the a pear= ce 01 .~8  mntly undulating roiintry". 

8s This be!onrs in tho ~'lntermediste" level, betwen 10,ooO and 23,005 fcet and aver- 
.ges about 3 miles ahove the surfare. 

(1 Brlcf transient showers may, far leas Ircquently, [all from two or three other cloud 
types, 0. g., atia~ocurnulw. 

At Blue Hill ObSerVHtGry rhm follows ol!o-stmtus in tabbaut G hours. 

fourths to 1 mile above the earth's surface, but is usually 
c mcmled by t,he falliiig. rain. I tu top varies from 3ome- 
what over a mile tn 5 miles in estremc cns~s."~ The thun- 
derst 'rm type of cumulus has massive, h a d  rounded tops 
(thunrlerhetuls!. The up >or ei1g:e.s of theso bulying tops 
very oftea, especia.lly in t \ e more severe thundcretorms, 
semi to  become soft, aiicl brushed out into a. sheet. or screen 
mom or lcss film~us am1 mvelerl (false &PUS), which 
gircs tho whi le clouil, whon seen fr< in the d e ,  the shape 
of an anvil. Or. the upper edgrs may renmin hard and 
c w w s ,  li!ce nrrlinn.ry cumulus, while the delicate sheet 
of fal;le cirrus flmt,s around t,hem. mien,  on a warm, 
muggv, summer day nnlinnry cumulus clouds are seen to 
be iiicmasiii~ in hcight., growinq darker, joining, .and 
cspccially when the scmen or veil of false cirrus fnrms, 
lord thunc!erstorms arc' liktly to occur. Further, when a 
rising. ma.w of cumulus is seen to devclnp n ring or "c.c-1- 
ln r "  lust hrlmv its t y .  cniit.i:ni is achisahle. When, on 
the other Ii:iiicl, cumulus clouds break up! .flat,ten and 
slmnrl, and 110 not. at.tnin great height. t.he signs are 
f:inmlrle. Thc est.r:tclrclinnril.v rapid upmrd growtrh of 
many cumulus and cspccially cumulti-nimbus clouds is 
diir, a t  lca.;t. partl.r, t.o the accumulation of t,hc warm air 
beliw until it  is nbls t o  break up t,hri?uVli tlie overlyinq 
mom s t n l h  strata. \Vhen once startea, the warm air 
goes up wibh a rush, natl  t.he cloud may grow thousands 
of fcrt rert.icnlly in a. w r y  shcrt time. 

It is much tile safer course f w  nn nviatnr not. to fly 
in a t.liundcrst~wm. Rut if he finds himsdf in the air 
when a t~hunilcrst.orm is apprr?aching, what shall he cto ? 
The met,cor. 1;:gist can give him a few suggestrions. Thun- 
derstmms in Europe, ns wd. l  ns in the United States, 
i i io~e  in a pierally easterly direction, at  hourly reloci- 
ties of 20 t.n 50 miles in t.hc Unit,ecl States, and scmewhnt 
less in Europe. At any one t,iine the storm itself has 
morc or less of the shape of a cnnres lens, the convex side 
briiiz nn t,he front. The distnnce t.hrouqh the storm, 
from front to rcnr! is small, oftcn less than 50 miles. 
Many of these st.urnis are so small that it. is perfectly easy 
to fly around t,heni, on t.1irir nort,heni or southern mar- 
gim. On thr! other hand, the inore est,mcled ones, often 
cnlletl ' 'line thunders terms," may hsre a front ex teiiding 
rvughly iinrth &nil south for serer81 hundred miles. An 
nviator can easily fly nwav frcm an advancing tliunder- 
strrrm if such a course will"iiot bring him into the enemy 
linrs. IIe cnii olso fly over the tnp clf mnii-y of the smaller 
storms, and even over such of the larger ones ns have not 
an excessive verticnl clc\-clopment. 'If t.he top of the 
st.nrin is so high that he can not, fly over it, and no ot,her 
c~~ursc  is open, tho aviatr:r should steer directly through 
the unper p:wt nf the cloui!, facing tlie atlvancinq strrm. 
U s d l v  n few miiiutcs will bring the machine out into the 
rear of the storm. Thunderst. rms are of many types 
and of many sizes and riegrces of intensity. Hence 
i t  is quite impossihlc! to frnnie rules which will meet 
every emergency. Th!: po-Jsihlc clamage t> prtq+lera 
or to wings resulting fr .m large hnilst -ne3 is ccnsider- 
ably rduceil by the f w t  that hail occurs over limited 
areas only and that many-thunderstorms prduce no 
ha.il. 

It. map he notc4 that nirylxnes can and do travel above 
the lt.~-cls of manv menther cnnditions (e. g.,. heavy rain 
or siiow), which niight be rather serious h a n b c q s  nearer 
the surfixce. 

Q Zittit. 6 K. .W. D m q l i . ~  7 F C. estlmztea that R htrlzht 0 OJ1 feet k.>m top to bat- 
t m  is on obssluto minimull; a.'which'romulus clouds may dc .-hop into thunderstorma. 
On s!l owasions on which thunder o-rurred in Franre in 1918 tha holght of thecloiid 
from top to bottom was not loss than 19 On feet ( . r o w %  Srof mcf. aoc 3cl sBr No. 
83, L916,17: 654% or MONTIILY WEATUEE'REVIEH', \Vashii&m, karch, ld17, Is: %.) 
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WEATHER FORECASTIXQ. 

Suiface conclit.ions. 
Whether in peace or in modern war the aviator usually 

has access to the official dailv wenther forecnsts. He 1s 
not concrrncd with the colloctim of the metem 1t;qical 
data, with thrir chartinq, nor with t.he making of tho 
forecasts. He shoulJ , how-ever, uiidrlvtniid , in a geiiertil 
way, the broad priiici-des upon which moilern wcn ther 
forecnsting (1epends. he slioulil 1mow how to interpret 
a weather ma:, for liimsdf. Ho shniilJ be able to make 
his own iiidivitlual rough nntiinstrunicntnl f4)recnstJ so 
that he may be able to fill in thc gaps betuwii the linurs 
at which the offirinl forecasts are made, a n d  mag not, 
if out of reach of an ciqnuizctl meteor. 1 1  qiccl sen-ice, 
he erfectly helpless about prdbablc coming wen ther 
coiA tions. 

So far as the United States map is concerned, the infor- 
mation can easily be secured.43 The British maps use 
millibars (see p. 503) mid Absolute teniperatures [33OF. = 
OOC. = 273OAI instead of inches and hulidrcdths and 
Fahrenhcit degrees. Tile French ma s use millimeters 
and centigrade degrees. Some idea of E uropean weather 
t es would be a most important and helpful addition to 
t t? e meteorological knowlodge of any aviator whose duty 
calls hiin to service in Europe. This subject hns received 
a great deal of attention on the part of European meteor- 
ologists, and may be looked up without much difficulty.‘4 
The individual who makes his own noninstrumentnl local 
weather forecasts, without the help of a weather niap, is 
in the primitive stagc of forecasting. He must depend 
entirely upon weather signs or prognostics. The indica- 
tions afforded by the systematic changes in direction and 
velocity of the wind 45 arc usunlly the best guides. The 
aviator being especially concerned with the clouds 
and high winds which are commoiily associated with 
cycloiiic storms, will find it well to watch the wind care- 
fully. “Backing winds,” from easterly through north to 
westerly, indicate the approach and passage of n low pres- 
sure area on the south. “Veering winds,” from easterly 
through south to westerly, indicate the approach mid 

If a 
{ammeter is available, the barometric tendency, i. e 
the rise or fall and the rate of rise or fall, should ci 
constant1 noted. I n  general, the approach and occur- 
r a c e  of P oul weather are associated with a falling and a 
low barometer, and of fair weather with a rising and a 
high b ~ r o m e t e r . ~ ~  Changes in wind direction mean 
changes in the distribution of pressure; i. c., in the loca- 
tion of the isobars and hence of the centers of high and 
low pressure. Changes in wind velocity alone, on the 
other hand, mean changes in the barometric pressure or 
pressure gradient, i. e.., they mean that the distances be- 
tween the isobars are increasing or decreasing. In  addi- 
tion to these indications, cloud prognostics, as abovc sug- 
gested, are ver useful, and there are man good weather 

Forecasts of wind direction a d  velocity nlof t .  
The ordinary forecasts relate only to surface conditions. 

For the aviator, some idea of the probable wind aloft is 
obviously also important. Direct observation by means 

assage of an area of low pressure on the north. 

proverbs whit$ if rightly applied, are he P ~fu l . ‘~  

~~ 

4: See The Wrathrr Map and its Rxp’anation: and Wind-l’arometer Indlrati:m, both 
pub!l:hedbythe LT S Hrathrr nurrau Xa;hinytrn D.C. 

u &e, e. g., IT: i. ;an Brbbtx: Lchrtkh drr Mct;urologie 18-0, pp. 717-317. Also: 
J .  0. Bart‘rolommu 4tlas 01 Mrtenrologv, Edinburgh. [ I S  1’1. ’Plate “2, Text p. 35. 
a Esprdally if SA. p’emmted by rradingn of a bnrorrctrr. 
U For the I nite8Statrs. the “Wind- aromtlir ‘rahlc” (nfc fontnote “1. sfres the 

mathrr innitniioni a <w iahd with 1 aricus baromrlrr readings and tL ndtnrfcs, com- 
bined with arcompanvln wfnd rhangcs 

IK J .  Humphrc.qd: &mo weather iroverbs and thefrjusllflcatfon,” Pop. Sei. mo., 

of small ilot balloons, whose course can be followed by 

direction and velocity of t.he uppcr currents up to ordi- 
nnr flying heights. This method iiivolves instruments 

must thcrefore be left to the trained meteorologish. 
Kites have also been used in this work. In  the present 
war the Gcrnians have evident1 made extended use of 
pilot balloons electrically lighto dy a t  night. Direct obser- 
vation. of cloud movements also serves to give definite 
information of upper air currents. Here again, beyond 
the simple noninstrumcntal cloud observations above 
refcrred to, the trained meteorologist must be relied on 
to make use of his nephoscope and his theodolite, and to 
work out his results. 

We come, then, to the alread ascertained facts which 
may be of service in iiifcrring t E e winds aloft. First, as 
to direction. For the first few thousand feet up (rough1 , 
perhaps, 4,000-5,000 feet) the direction of the wind usu a J  y 
changes to thc right, i. e., in a clockwise direction from 
that of thc wind a t  the surface. Thus, if the wind a t  the 
surface is SW., the wind aloft may be espected to be 
more westerly; if the surface wind is N the direction 
aloft is likely to be more from NE. With’increasing dis- 
tance from the surface, and decreasing frictional resis- 
tances, the winds tend more and more to follow the 
isobars.48 This condition may be reached at about 1,500 
feet, more or less, varying according to circumstances. 
In  fact, different weather types and conditions esert so 
mnnp varyin controls that no hard and fast rule can be 
laid down. general, however, it  may be said that the 
shift in wind dircction to the ri ht  is most marked near 
the beginning of m ascent, mi: up to 4,000-5,000 feet 
the winds may be espected to blow more or less alon 
the isobar. At greater altitudes, above the influence o 
the surface gradients, the winds tend to come more and 
more from wcsterly directions, and easterly directions 
become lcss and less frequent.‘O The higher the flight, 
the greater will be the tendency of the air currents to 
blow from a westerly point. This is true in Europe as 
well as in the United States. 

On fine, warm days, especially in summer, the lower 
air and the air somcwhst. above the surface tend to 
intcrniinglc as the result of niore or less vertical move- 
ment. The descendinm air currents bring down their 
own directions, and tEerefore there is s tendenry for 
the surface wind dircrtions to veer to the right during 
the dag. At night, t.he tendency is to swing back a.go.in. 
This is known in meteorology as the diwnal variuEion 
in w i n d  c7;rectima. In extremely favorable conditions, 
the shift may be as much as 90’. In tho case of a pro- 
longed flight, it must be remembered that the directions 
of both surftice winds and up er currents aro likely to be 

Secondly, as to the velocity of the air currents aloft. 
On the average, this velocity increases with increasing 
nltitudc, up to t;he level of the highest clouds. Thus, 
from rneasureniciits of clouds, made a t  Blue Hill Observa- 
tory, Upsnla (Sweden) , nncl Potsdam (Germany), for 
example, the mean velocities of air movements at various 
levels are as follows: 

mems o P theodolites, gives excellent indication of the 

an dy a ccrtnin amount of mathematical calculation, and 

f 

affoctecl bv the progressionof t E eisobaricsystemasawhole. 

Q This is hno’w 
411 In thin ronnfvtl -n dhr rrnu ts rrenrdin \% ind mox-cmentr at.all hrlphts In ryrlmes 

and antic rlcnrs nlda n4.d at B’uc HI I Offynatcry ari’ wry important. &e H. If. 
~ , ~ ! , ~ ~ , ~ . - ~ , i ? ~ u ? ~ . j ~ n  r I the rloud ob cr atirnn II ade at the nliw HI11 Obser.atory, 
Ua 8.. 11. S. 

Ser r sn r h r t  21 (Winds ut \ arfnua Hright.; a; Itr atrd to 1 aromctrir I’rrssure at the 
Groundi In .4.  I ~ t r r r ~ ~ c r  Rufclr & Andriw H .  Pnlmrr.-Charts 01 tho atmosphere for 
acronauts nnd aviator.;. 

For n suminnry of Kuroppran rcsults srr J .  rnn HJnn.-I.ehrbiirh der Meteorologle 36 
ed., I : i l i .  pp. . X M . R ,  54 -54% In tho ITnlted Stat‘ aishonn by F H. Iligclorand H. 
H.  (‘lavtnn. and in rrnlral Kurope, a:;sho.tn hy fhrblorn. thc lo:v and high pressure 
arras ol the a’th’s surlacc have comparath ely rlttle Influcnco on Lhe upper currents In 
the cirrus 10~01. 

thc “gradl*.nt wlnd dirrrtlcn.” 

., dnnalr Istron. fJ!I8#. H w .  Coat., Vol. XXX, Pt. IV,pp. 4J7-44’1. 

m y ,  1911, pp. 4a8-444. 
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Man cloud velocities at dQ,Terent h e h t a .  

Levels. 

Ma./hr.  Ms . /hr .  Mis./hr. 
Upsala. .............................. 358  
Potdam. ............................ 
B l w  MIL..  .......................... 21.9 31.8 35.3 

Two points may be noted in this connection. Cloud 
velocities can not be considered as giving accurate indi- 
cations of air movement bccause (1) certain cloud types 
are commonly associated with certain special weather 
types, and because (2) the upper clouds can only he 
seen when not obscured by lower clouds. Further, for 
the aviator, mean velocities are much less critical than 
gustiness. The above table shows that there is a11 
average increase in velocity from about 30 mis./hr. 
below a height of a lit,tle ovcr 1 mile, to 35 t.0 40 
mis./hr. a t  13,000 to 20,000 feet. While the avernge 
velocity thus increases aloft, the gustiness usually cle- 
creases. Roughly, in the lower 1,000 to 2,000 feet the 
velocity may be expected to incrense “as the heiuht 
above sealevel.” If, e. g., thereis a wind of 15 niis./qir. 
a t  500 feet above senlevel, n wind of 30 mis./hr. may 
be expected 1,000 feet aibove senlevel, rtnd one of 45 
mis./hr. a t  1,500 feet,. Finally, certain calculations 
which the aviat,or is not likely to have the time or op or- 
tunit to make for himself make i t  possible to pretPict, 
usual 9 y w1t.h reasonable accuracy, tlie wind velocities 
at  about 1,500 feet, and up to, say, 3,000 to 4,000 or 
5,000 feet?’ Bt and near the earth’s surface friction is 
a large and uncertain element in the problem. But a t  
about 1,500 feet above the surface the effect of surface 
friction is slight. If the pressure gradients1 be known, 
the “gradient-wind velocity ” may be determined. 
This is the ideal wind, calculated from the gmdicnt. 
It is the air movement needed to balance the pressure . It also depends upon the density of the air, 
t a t  1s upon t.he temperature and ressure, and upon 
latitude. Tables have been prepare cp showing the gracli- 
ent-wind velocities under va.rying conditions and at  
various  latitude^.'^ The calculated results agree fairly 
closely with the results of obscrvat.ions made by niea.iis 
of kites and balloons. The complete formula is sonie- 
what com licated, but a simple working basis is c . 0 ~  

Prof. W. J. H~niphreys.5~ 

g;;adient 

tained in t !l e following table, adapted from one given by 

40° ........................................ .y;xs. 24, 

Table for calculati,ng gradient-wind velocity. 
Lat. - lb . /hr .  

1600 5oo ........................................ .--x2. 24, Af 
60’- 1400x, ........................................ - JI ,.%. 

Msnumber of miles between isobars.” -- - 
to It is perfectly feasil le for the f lc ial  forccwterr to incliide the direction and veloritv 

of the wind at 1,5M feet in their regular daily lorecasts 01 surlacc conditions. Thcy hnvk 
k e n  doimp this a’ road. 

61 The dl dance from one is01 ar to the next lower isokar, measured as near11 ns possiXc 
at right an 10s to the two. 

Great h i i n .  ddoisorv comm. arronast. Report Yo. 9. 
Qrmt Britaln M.fmro2. Omirr. Compoter’c Handbod- Feet. !I. (Y. 9. No. 223). 
Goll Em&.’ Rarornetric eradient and &I force 
In &of. Humphreys’ orizinal paper fJolw. .’ran ’lin Instit., J hila., Xarch 1913, 

heading over his last coluiun lhould 

( M h  0 .,YO i91.i 

u Fonnulaas given by Dr. John ;atZ)erson, Xeteorologlcal C f i c e ,  Toronto: 

p. 2S41 the values are piven for meters second. 
read “.Meters per second,” not “Ylles er hour. 

La;. .Wi*./hr. 
me... 30 M 

M 
50. 3279, 

nr 
Al 

................................................................ .-9 

.................................................................... - -  
00. 21) MI ................................................................... .-. 

I n  the foregoing calculation i t  is assumed that the 
pressure gradient at  1,500 feet is the same as that at the 
earth’s surface, as shown on the weather map. If we 
had isobaric maps for greater altitudes, the winds nt 
those height,s could be predicted. It is known that the 
arrangement of the isobars, and also the pressure gra- 
dients, change fairly rapidly with increasing elevation. 
For this reason, predictions of gradient-wind velocity 
(and direction) can not be absolutely relied on, and are 
limited to the lower few thousand (below 5,000) feet.55 
No definite rules can be laid down. Above the height 
at  which the gradient velocity is reached, very diverse 
conditions are met. The velocity may increase. It 
may decrease. Indeed, the gradient velocity itself is not 
always reached. There is als:, a curious uncertainty 
about easterly I\-inds. While west,erly winds usually 
reach their gradient relocities at  1,500 feet or so, and 
then, as a whole, increase still further up to the masimum 
flying heights, easterly winds are ver erratic both in 
ctimges of direction and of velocity. $hey do not sliow 
the snnie tendency to Wive gradient velocities. While 
west.erly wincls usually h o w  stronger at. higher levels, 
eastcrly winds often decrease in velocity aloft, being then 
replaced by westerly winds. Easterly winds should 
therefore be carefully 

On fine, warm summer days the surface wind very 
conimonly blows strongest during. the warmer hours, 
while tlie mornings,. ovenings, .and nights are calm. This 
is known as the c1iur.aal twwtion. zn uriiul vdocity. It 
docs not. occur on cloudy or stormy days. Obviously, it 
is to he reckoned wit,h in making n lanrlii!g. S:,mewhat 
above the surface the variation in velocity is just the 
opposit,e. During the warmer hours, when the surface 
winds are blowing hardest, tho air currents somewhat 
above the surface are slackened. At night, when the 
surface wincls die down, the movement is more rapid aloft. 
The height to  which this condit,ion reaches depends on 
general weather conditions. Wile11 conditions are favor- 
ahlc, on hot summer days, it. may resc.h nearly a mile. 
On such days, therefore, the aviator niay find the wind 
velocity decreasing for a time as he ascends. 

F.4VOR.4BLE AND UNFAVORABLE WEATHER FOE FLYING!. 

Summarizing briefly, hbh-pressure conditions are, on 
tmlie whole, the most, an8 low-pressure conditions the 
least,, favorable for flying. 

High pressures as n rule have the advantase of lighter 
winds; of high and detached clouds; of fine weather. 
They have tlie disadvantage of being favorable to the 
forniation of fog and of low stratus cl~uds,  especially in 
winter, and during probngcd dry spells in summer a 
ground haze, which interferes with reconnaissance work, 
is common. High-pressure spells in summer are also apt 
to be times of active ascending diurnal currents, hence of 
“bumpy” conditions. The diurnal increase in wind 
velocity and the diurnal variation in wind direction are 
d s o  best marked at such t.inies. 

Low mssures, on the other hand, are usually accom- 
anied b y general cloud sheets; by rain or snow; often 

Ey high winds, especially in winter. They thus bring 
conditions which niay make flying difficult, ineffective, 
even inip.)ssib!e. 
I Evpectcd chanees in s:irhce prossiire graJients are, to a conslderable extent, p r s  

dict %I le by the oifirial forzcdsters. 
56 In I.:nclsnd &pi. C J .  P .  C ‘ m  has sho.vn that dinerent types of wlnd velocity 

distribution in the atmosphere prevail under ditrercut ronditims. Thus. he has found 
c s e s  when ( 1 )  the yelorit!: remains stead even up to severdl thousand leet, (2) the 
velxity incroases with heicht (iisusl couiition). (3) the velocity decreases and then 
Incrcsses, (4) the velocity increases and then decreases. 


